Polyamine profiles of 140 Xbnthomonas strains were determined by high-performance liquid chromatography. The results revealed that there are two polyamine profiles within the genusXbnthmom. The first profile, characterized by spermidine as the major polyamine, was shared by Xbnthonwnas albilineans, Xiznthomoizas axonopodis, Xanthonwnas campestrk, Xbnthomonas fiagariae, Xbnthonwm oyzae, Xanthonwnas populi, and some unclassified xanthomonads. The second profile was typical of Xbnthonwlllls maftophiliu strains and contained spermidine and cadaverine as the major polyamines.
pathogens. The mounting evidence for the phylogenetic heterogeneity of X. campestris has been described previously (19, 25, 28, 30, 31, 34) .
In order to improve the taxonomy of the genus Xanthomonas (29) , a polyphasic approach is now being used; this approach includes comparisons of sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) cellular protein profiles, DNA-DNA hybridization data, fatty acid analysis data, and polyamine patterns. The value of polyamine patterns for confirming phylogenetic relationships among phytopathogenic bacteria and other members of the Proteobacteria has been demonstrated previously (1, 2, 8) . In addition, the difficulties in identification of gram-negative, aerobic, yellow-pigmented bacteria which are not associated with plants can be easily overcome by determining polyamine patterns (2) . However, only six type strains and a few other Xanthomonas strains have been investigated previously, and spermidine was found to be the major polyamine in all strains. Three strains of X. maltophilia and one X. campestris strain (DSM 1350) had high cadaverine contents in addition to high spermidine contents, indicating the chemotaxonomic diversity of the genus Xanthomonas with regard to polyamine profiles (2) . The reliability and potential use of polyamine contents as chemotaxonomic markers within the genus Xanthomonas suggested that a larger number of strains should be examined. In this paper we describe the results of a polyamine analysis of 148 strains, including 140 Xanthomonas strains; we examined members of all seven currently recognized species and some nonpathogenic Xanthomonas strains, and special emphasis was placed on X. maltophilia (57 X. maltophilia strains were examined).
MATERIALS AND METHODS
Bacterial strains. The strains which we examined are listed in Table 1 Extraction of polyamines. Polyamines were extracted by the procedure described by Scherer and Kneifel (21) , with the following modifications: (i) the amount of the internal standard (1,B-diaminooctane) was 500 nmol, and the standard was dissolved in 0.2 M HC104 instead of water; and (ii) polyamines were extracted from fresh cells instead of freezedried cells.
HPLC analysis of polyamines. The extracted dansylated polyamines were separated by using a high-performance liquid chromatography (HPLC) system (Waters, Milford, Mass.) equipped with two model 501 HPLC pumps, an autosampler (model 717; Waters), and a reverse-phase column (Nova-Pak C18; Waters) at 42°C. The dansylated polyamines were detected with a fluorescence detector (model 420; Waters). The excitation and emission signals were provided with 350-and 530-nm cut-off filters, respectively. A linear gradient of 20 to 100% acetonitrile (in water) with a flow rate of 1 mumin was used to elute the polyamines. Identification of the separated polyamines was based on the elution times of purified compounds. The amounts of polyamines were determined from the integrated peak areas by using the internal standardization method and were expressed as micromoles per gram of protein.
Determination of protein concentration. Initially, the polyamine concentrations were calculated as both micromoles per gram of wet cells and micromoles per gram of protein.
Only the latter units are used below. Protein concentrations were determined by using the method of Lowry et al. (16) , modified slightly as follows: (i) the standard protein stock solution contained 20 mg of serum albumin in 40 ml of 0.2 M HClO, and 10 ml of a 1 M NaOH solution; (ii) to 0.8 ml of the remaining sample suspension (in 0.2 M HClO,) derived from the polyamine extraction procedure, 0.2 ml of 1 M NaOH solution was added and mixed, and then 0.2 ml of a 40-folddiluted suspension was transferred into an Eppendorf tube to determine the protein concentration; and (iii) the protein concentration of each sample was calculated by linear regression, using a standard curve for serum albumin as the reference. Optical densities were measured at 660 nm with a Uvikon 940 spectrophotometer (Kontron Instruments, Milan, Italy). , the amount of spermidine was always greater than the amount of cadaverine for cells grown for 12 to 96 h (samples were prepared at 12-h intervals). These observations emphasize the need to standardize the experimental conditions.
Polyamine patterns of the genus Xanthomonas, The polyamine analysis data for Xanthomonas strains revealed two distinct polyamine patterns (Table 1 ). In the species X. albilineans (7 strains) , X. axonopodis (2 strains), X. fragariae (5 strains), X. campestris (25 pathovars, 41 strains), X. oryzae (2 pathovars, 9 strains), and X. populi (4 strains), spermidine was the only major polyamine (pattern I). The X. maltophilia strains contained not only spermidine as a major polyamine but also an important amount of cadaverine (pattern 11). Minor fractions of spermine, putrescine, and an unidentified polyamine also were present.
In general, our results corresponded well with the results of Auling et al. (2) . However, in our hands, X. campestris pv. pelargonii LMG 820 (= DSM 1350) produced a result different from the results of Auling et al. (2) in that it did not produce cadaverine.
X. axonopodis and X. fragariae were reported to contain lower levels of polyamines than other Xanthomonas species (2). In our investigation, these two species, together with X. populi, were also found to contain lower amounts of polyamines when data were expressed on a wet cell weight basis (data not shown). When the polyamine concentrations were calculated as the number of micromoles per gram of protein, X. frasariae and X. populi strains had levels of polyamines similar to the levels in other Xanthomonas species, while the X. axonopodis strains still had lower amounts of polyamine. Thus, the quantitative variations in polyamine content are not significant enough to differentiate among the Xanthomonas species.
The 57 X. maltophilia strains were found to be very heterogeneous on the basis of SDS-PAGE cellular protein profiles and DNA-DNA hybridization data (27) but produced a uniform polyamine pattern (pattern 11). All strains contained spermidine as the major polyamine and (except LMG 10881) a large amount of cadaverine ( Table 1 ). The polyamine profile of X. maltophilia LMG 10881 had only spermidine as a major component and thus resembled xanthomonad pattern I. Furthermore, this strain exhibited low levels of DNA relatedness to other X. maltophilia strains (27) and had a different fatty acid composition than the other X. maltophilia strains (33) . Therefore, strain LMG 10881 might have been misidentified as X. maltophilia.
Comparison of polyamine compositions with fatty acid profiles and other data. All of the strains with the fatty acid profile typical of the genus Xunthomonas (34) contained VOL. 43, 1993 POLYAMINE PROFILES OF THE GENUS x 4 " A S 713 either spermidine (pattern I) or spermidine plus cadaverine (pattern 11) as the major polyamine component(s). Polyamine pattern data support identification of particular Xanthomonas strains, as illustrated by the following examples.
(i) Two unidentified bacteria (strains LMG 9499t1 and LMG 9499t2 that were isolated from a Euglena viridis feeder culture (3) and were polyamine pattern I strains were found to have fatty acid profiles typical of the genus Xanthomonas (33) . Also, on the basis of rRNA-DNA hybridization data, they were found to belong to the Xanthomonas rRNA branch (22) .
(ii) Thirteen nonpathogenic Xanthomonas strains isolated from healthy as well as diseased plant material produced polyamine pattern I. They also clearly belong to the genus Xanthomonas on the basis of their fatty acid compositions (33) . This finding and the finding described above clearly confirmed the observation of Auling et al. (2) that polyamine patterns are useful chemotaxonomic markers for rapid allocation of yellow-pigmented Xanthomonas strains to the genus. The presence of nonpathogenic yellow-pigmented Xanthomonas strains associated with olive leaves, tomato and pepper transplants, bean debris, citrus, soft rots of vegetables at retail markets, apple buds, and rice seeds has been reported previously (4, 1&15, 17, 18 (9) . Strain LMG 962 produced Xanthomonas polyamine pattern I, whereas strains LMG 978, LMG 980, and LMG 981 produced polyamine pattern 11. The polyamine data confirmed the results of an extensive phenotypic analysis; LMG 962 clustered with X. campestris pathovars, whereas LMG 978, LMG 980, and LMG 981 grouped with X. maltophilia (26) . Previously, the polyamine patterns of strains LMG 962 and LMG 978 have both been reported to match pattern I1 (2) .
Strains excluded from the genus Xanthomonas on the basis of fatty acid profiles were also shown to have different polyamine compositions.
(iv) The polyamine patterns of [X. axonopodis] LMG 537, LMG 541, and LMG 542 contained putrescine as the major polyamine and spermidine as the second most important polyamine. These organisms produced fatty acid profiles distinct from those of the authentic Xanthomonas strains and a unique SDS-PAGE protein profile (30) . These strains were identified as Pseudomonas aeruginosa strains by using the commercial TSBA fatty acid data base from Microbial Identification System (Microbial ID, Inc., Newark, Del.) (34) . It is known that P. aeruginosa contains putrescine as a major polyamine (2, 6, 8) .
(v) [X. campestr?s pv. carotae] LMG 8645 produced only trace amounts of cadaverine and spermine and is definitely not a xanthomonad, as it produced a fatty acid profile markedly different from the profiles of other Xanthomonas strains (34) . This organism may be remotely related to Rhodococcus rhodochrous according to the TSBA data base.
(vi) [X. campestris pv. carotae] LMG 8646 (the pathovar reference strain) contained cadaverine as a major polyamine together with large amounts of 1,3-diaminopropane and putrescine and was identified as Erwinia herbicola according to the TSBA data base (34) . Its polyamine pattern is indeed similar to that of Erwinia herbicola LMG 2565T (Table 1) .
(vii) [X. campestris pv. tardicrescens] LMG 9056 (the pathovar reference strain) contained hydroxyputrescine as a major polyamine and was identified as Acidovorax facilis (formerly Pseudomonasfacilis) by the TSBA data base (34) . The presence of hydroxyputrescine is specific for organisms belonging to the beta subclass of the Proteobacteria (7, 8 ).
In conclusion, polyamine patterns are useful chemotaxonornic markers within the genus Xanthomonas and allow rapid allocation to or exclusion of strains of uncertain affiliation from the genus Xanthomonas. Furthermore, they also indicate that a revision of the current taxonomic status of the genus is needed.
